In 1966, protein A, the immunoglobulin G (IgG)-binding protein of Staphylococcus aureus, was identified (6). Subsequently, immunoglobulin-binding strains of other bacterial species have been described, and especially streptococci were found to express immunoglobulin-binding proteins (10, 14) , among which protein G of group C and G streptococci (5, 16) is the most well characterized. The function of protein A and protein G is not understood, and despite the fact that protein A was isolated more than 20 years ago, its role in pathogenicity and virulence is still not understood. This is also true for protein G, although recent studies have indicated that the molecule does not contribute to streptococcal virulence (17).
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During the screening for immunoglobulin-binding strains of anaerobic bacteria, a strain of Peptostreptococcus magnus was found to bind radiolabeled IgG (13) . The strain (strain 312) was isolated from the urethra and vagina of a patient with bacterial vaginosis who had been hospitalized after a spontaneous abortion. Further binding studies suggested that the surface structure responsible for the immunoglobulin binding interacted with light chains of immunoglobulin (13) . This assumption was proved to be correct when the binding structure, a protein, was purified and characterized (3) . Thus, the purified molecule was found to bind light chains of immunoglobulin (predominantly kappa light chains), and the name protein L (L as in light chain) was introduced. In the present work, we have studied the expression and occurrence of the protein L gene in a clinical collection of P. magnus strains, and the results indicate that grown under strict anaerobic conditions at 37°C in peptone yeast glucose broth or in Todd-Hewitt (Difco Laboratories) broth for 5 The plaques were transferred to nitrocellulose filters and denatured to be used in DNA hybridization experiments. Positive clones were subjected to three rounds of rescreening and plaque purification. DNA hybridization. The synthetic oligonucleotide probes were radiolabeled with T4 polynucleotide kinase. When synthetic oligonucleotides were used, hybridization was carried out in 6x SSC (1 x SSC is 0.15 M NaCl plus 0.015 M sodium citrate) (pH 7.0)-0.1% Ficoll (Pharmacia Fine Chemicals)-0.1% polyvinylpyrrolidone-0.1% bovine serum albumin-0.5% SDS-1 mM EDTA-0.04 mg of denatured salmon sperm DNA per ml. The hybridization was carried out at 26°C overnight. The filters were washed in lx SSC at 360C. Double-stranded DNA was radiolabeled by nick translation, and the hybridization conditions for these experiments were as follows: 6x SSC, 50% formamide, 50 mM NaPO4 (pH 6.6), 0.1% Ficoll (Pharmacia), 0.1% polyvinylpyrrolidone, 0.1% bovine serum albumin, 1 mM EDTA, and 0.04 mg of denatured salmon sperm DNA per ml at 42°C overnight. The washings of the filters were done at 520C. The mixed synthetic oligonucleotides used were purchased from Symbicom, Umea, Sweden.
DNA sequence analysis. The DNA sequence of the clone lambda PL-3 was performed as described previously (9), using the dideoxynucleotide-chain termination method, 35S-dATP (Amersham), and the Klenow fragment of DNA polymerase I.
RESULTS
Protein L is preferentially expressed by strains of P. magnus isolated from patients with bacterial vaginosis. The binding of radiolabeled human immunoglobulin kappa chains was measured to 30 different strains of P. magnus, including strain 312, from which protein L was originally isolated. Four strains showed significant binding to 1251-kappa chains (Table 1). When binding was measured at different bacterial concentrations, very similar binding curves were seen for the four positive strains (Fig. 1) , suggesting that similar amounts of the protein are expressed at the surfaces of these strains.
The four kappa-binding strains were all isolated from the vaginas of patients with bacterial vaginosis. Three of the negative strains were also from patients with vaginosis, whereas twenty-three negative strains were from 19 healthy women and 4 men ( Analysis of protein L produced by different strains of P. magnus. Culture filtrates from the four kappa-binding strains were applied to nitrocellulose filters which were probed with radiolabeled kappa chains. The radiolabeled probe reacted with material in culture supernatants of the strains which were positive in the binding assay, whereas no reaction was seen with the filtrates from kappa-negative strains (not shown), indicating that these strains neither expose protein L on the cell surface nor excrete the protein to the environment.
To compare the protein L molecules produced by the four positive strains, we purified IgG-binding proteins released to the culture media, using affinity chromatography on IgGSepharose. Bound proteins were eluted and analyzed by SDS-PAGE and in Western blot experiments, using radiolabeled kappa chains as the probe. The four purified proteins had the same molecular patterns, and Fig. 2 shows the results obtained with three of these strains. Spontaneously released protein L had a higher maximum molecular mass (-100 kilodaltons) and was more size heterogeneous than was mutanolysin-solubilized protein L, which on SDS-PAGE has a molecular mass of 95 kilodaltons (3). This could be explained by bacterial cell wall constituents being associated with protein L and by proteolysis or other degradation of spontaneously released protein L. No kappa-binding material could be purified from the culture media of three strains which were negative in the direct binding assay (strains 595, 644, and 3812).
Cloning and sequence determination of a part of the protein L gene. To investigate whether the lack of protein L expression was due to the lack of the corresponding gene or whether the gene was down regulated, we proceeded to clone and sequence part of the protein L gene of strain 312 to obtain a probe suitable for hybridization experiments. This would also enable us to study the degree of homology between the corresponding sequences of the kappa-binding strains as well as to look for homologous structures in other immunoglobulin-binding bacteria.
Protein L was solubilized from strain 312, using the muralytic enzyme mutanolysin, and highly purified protein L was obtained by affinity chromatography on IgG-Sepharose as previously described (3). Protein L was then subjected to digestion with trypsin, and the digest was subsequently separated by high-pressure liquid chromatography (Fig. 3) . The N-terminal amino acid sequences of two major peptides (Fig. 3) resulting from the separation were determined. Residues 3 through 9 of peptide B offered the lowest redundancy for the synthesis of a mixed 20-mer oligonucleotide. To decrease the 128 possibilities coding for this sequence, we chose to synthesize four different mixtures, each of which had 32 possibilities (Fig. 4) . Dot blots and Southern blots of peptococcal DNA digested with various restriction endonucleases and probed with the four different mixed oligonucleotides indicated that oligonucleotide IV was the most specific. This probe was then used to screen a genomic library constructed by digestion of peptococcal DNA with EcoRI and then ligation to lambda ZAP. Of about 5,000 plaques, 10 were found to be positive in the first screen and remained positive when rescreened. For each clone, the size of the insert was approximately 200 base pairs. The nucleotide sequence of the insert of one of the positive clones, lambda PL-3, was determined by the dideoxynucleotidechain termination method after the insert was subcloned into M13. The sequence was 220 nucleotides, and a comparison of the derived amino acid sequence with the peptide sequence of the protein L fragment showed complete agreement (Fig. 5) .
Only cleotide corresponding to nucleotides 1 to 31 of the sequence shown in Fig. 4 was used as a probe in hybridization experiments. DNA was isolated and purified from seven strains of P. magnus, including the four protein L-positive strains as well as the three protein L-negative strains 595, 644, and 3812; equivalent amounts of each DNA were denatured and applied to nitrocellulose filters, which were subsequently probed with the radiolabeled oligonucleotide.
The oligonucleotide hybridized only with DNA from the of the EcoRI insert of the clone lambda PL-3. The sequence corresponding to the peptide sequence of peak B in Fig. 3 begins at residue number 142. The amino acids of the peptide in peak B used for the construction of the mixed oligonucleotides of Fig. 4 are underlined.
strains of P. magnus that had been shown to express protein L. Similarly, the probe did not hybridize with DNA purified from immunogobulin-binding strains of group A, B, C, and G streptococi, S. aureus, or E. coli, suggesting that the protein L gene is unique to certain strains of P. magnus.
DNA from the four protein L-expressing strains were digested with five different restriction enzymes, separated on agarose gels, denatured, and transferred to nitrocellulose membranes. The blots were probed with the radiolabeled oligonucleotide. All four strains showed similar restriction patterns, as demonstrated for three of the strains in Fig. 6 . strains of P. magnus. DNA was purified from three different strains of P. magnus, each of which was shown to express protein L. Each DNA was digested with five different restriction endonucleases and transferred to nitrocellulose membranes in Southern blot experiments. The membranes were probed with a radiolabeled synthetic oligonucleotide identical to residues 1 to 31 of the lambda PL-3 clone (Fig. 5) . kb, Kilobase. been isolated from strictly anaerobic bacteria. Moreover, the sequence data so far available have only shown homology (40% identical amino acid residues) between the N-terminal amino acid sequence of one of the tryptic fragments of protein L (corresponding to peak A in Fig. 3 ) and a sequence within the wall-spanning region of protein G (1), a region which is not involved in the binding of IgG to protein G (2). Protein L is also considerably larger (95 kilodaltons on SDS-PAGE) than proteins A and G and the immunoglobulinbinding proteins of group A streptococci (molecular mass on SDS-PAGE ranging between 40 and 65 kilodaltons), including an IgA-binding protein (11) . Finally, whereas all the other proteins bind to the Fc region of IgG or IgA, protein L reacts with light chains of immunoglobulin, which means that the molecule has affinity for all classes of immunoglobulin (3). Protein L binds predominantly light chains of the kappa type (about 65% of human immunoglobulins carry kappa light chains); the affinity between protein L and kappa chains is 1.5 x 109 M-1, and for IgG, IgM, and IgA, the affinity is around 1 x 1010 M-1 (1) . As demonstrated in this study, some protein L is released into the growth medium, but previous work has shown that most of the protein is associated with the bacterial cell wall (3). Thus, protein L-expressing strains of P. magnus can bind different classes of immunoglobulin to their cell surfaces with high affinity. In what way such binding influences the host-parasite relationship is not evident, but it has been demonstrated that the binding of human plasma proteins to bacteria dramatically changes their surface properties (12) . It is also reasonable to believe that the binding of several different classes of immunoglobulin to the surface of a bacterium could influence cellular and molecular events which are important to a balanced coexistence between host and parasite.
P. magnus is part of the indigenous flora of the skin, the oral cavity, and the gastrointestinal and genitourinary tracts. However, these organisms are also causative agents in a variety of infections (19) . In this work, we found a highly significant correlation between the expression of protein L and bacterial vaginosis. Nevertheless, some strains isolated from patients with bacterial vaginosis did not express protein L. Since virulence is a highly polygenic property of bacteria, this is not surprising. In this context it should be mentioned that it was recently found that the blocking of a cysteine proteinase specific for group A streptococci also inhibited the growth of these bacteria (4) and that immunoglobulinbinding bacterial proteins, including protein L, also bind proteinase inhibitors of human plasma (18) . Observations of this kind indicate that immunoglobulin-binding bacterial proteins could participate in proteolytic events which are important to bacterial multiplication, which certainly adds to the complexity of the role played by these proteins in host-parasite relationships.
As mentioned above, it has not been possible to ascribe any role for protein A or protein G in bacterial virulence; nevertheless, these proteins are expressed in bacteria (protein A in staphylococci and protein G in streptococci) that are much better characterized than P. magnus and for which infection models are available. Moreover, proteins A and G have been around for many years, whereas protein L was recently isolated. This study does not provide conclusive evidence that protein L represents a virulence determinant, but it does demonstrate with high statistical significance that protein L-expressing strains of P. magnus are more virulent than nonexpressing strains are. Similar data have not been obtained with protein A-expressing staphylococci or protein G-expressing streptococci. However, to prove that P. 
